Introduction
Nutritional assessment in older people to detect malnutrition or risk of malnutrition is essential to avoid adverse nutrition-related outcomes. Poor nutritional status appears to be a major contributing factor for poor prognosis in malnourished individuals. Nowadays, nutritional assessment is considered to be one of the domains which should be evaluated in comprehensive geriatric assessment (CGA). CGA is a comprehensive assessment tool with the capacity of detecting impairments in older people and, at the same time, suggest interventions. Although many assessment tools are proposed, those used in CGA are not widely agreed. After 20 years of clinical practice and research, the Mini Nutritional Assessment (MNA) seems to be the tool most widely accepted by health carers and patients for the assessment of nutritional impairment in CGA.
MNA classifies, with well-established thresholds, the nutritional status of older people with the added advantage of proposing and guiding interventions. Even more, the MNA is correlated to nutritional interventions when these are successful, with improved scores showing response to the intervention.
Several studies have shown that older people at risk of or suffering malnutrition have a worse prognosis in terms of different adverse clinical outcomes. In community-dwelling elderly people, malnutrition is associated with diminished cognitive and functional performance, diminished self-care ability, 1,2 worse oral health, poor eyesight and several difficulties with mealtimes such as problems in using a fork or a knife. 3 In hospitalized patients, depression scores (using the Geriatric Depression Score) were higher in malnourished patients than in those who were at risk. 4 Many studies have shown that low MNA scores are predictive of adverse outcomes, including longer lengths of hospital stay, more frequent discharges to a nursing home and a nearly threefold increase in mortality. [4] [5] [6] [7] [8] Weight loss and malnutrition are major complications of Alzheimer's disease (AD). 9 After a one-year follow-up of community-dwelling elderly patients suffering from Alzheimer's disease, lower nutritional status, measured by the MNA, was found to be associated with risk of institutionalization, and lower MNA scores were found in emergency hospital admissions. 10, 11 The aim of the present paper was to perform an exhaustive review on the MNA by revising the relevant literature on the topic after more than 20 years of research and clinical practice.
Historical background
The development of the MNA began during the 1989 International Association of Geriatrics and Gerontology (IAGG) meeting in Acapulco with a discussion between Bruno Vellas (Department of Geriatric Medicine, Toulouse University Hospital, France) and Yves Guigoz (Researcher at the Nestlé Research Centre, Switzerland). This meeting highlighted that even if there was proven evidence of the high prevalence of malnutrition in institutionalized, frail and hospitalized older people, nutritional assessment was not currently performed in clinical practice due to the complexity of nutritional evaluation. The aim of the discussion was to design an assessment tool for nutritional status in older people, analogous to the Mini-Mental State Examination (MMSE) for the assessment of cognitive function, 12 reliable, cheap and quick to perform. The MNA was initially validated in a cohort of more than 150 healthy, frail and acutely ill elderly patients in Toulouse, France, between 1990 and 1991. 13 Subsequently, the MNA was validated in the New-Mexico Aging Process Study (NMAPS), a longitudinal survey on nutrition and aging and in 2001 by the Nestlé Research Centre in Lausanne (Switzerland). Thus the MNA was validated, in three studies assessing more than 600 older persons, using two principal validation criteria: (1) Clinical status, which consisted of a nutritional assessment conducted independently by two physicians trained in nutrition, on the basis of the subject's clinical record without the knowledge of the MNA result; and (2) a comprehensive nutritional assessment which included a complete assessment of anthropometrics, biochemical markers such as vitamins, trace minerals and proteins status, and a complete three-day dietary intake record.
The first article, that included the MNA for the assessment of nutritional status, was published in 1994.
14 In 2001, a short form of the MNA (MNA-SF) was developed in collaboration with L.Z Rubenstein. 15 The MNA-SF is a validated shortened version of the MNA, allowing a twostep screening process in low-risk populations that retains the validity and accuracy of the full MNA. Since 1994, the MNA has been translated into almost 20 languages and has been used for nutritional evaluation in nearly 200 scientific publications in PubMed/Medline. Many articles have evaluated the sensitivity, specificity and reliability of the MNA in different settings and countries. In both medical practice and clinical research, the MNA is by far the most widely used tool for nutritional screening and assessment in older people.
The MNA: description of the tool
The MNA is able to classify older people as well nourished, at risk for malnutrition or malnourished. The MNA consists of 18 selfreported questions derived from four parameters of assessment: anthropometric assessment, general assessment, dietary assessment and self-assessment (see Figure 1 ) administered in two steps. The MNA-SF is a screening tool composed of the first six items (of the 18 questions) that permits detection of a decline in ingestion over the past three months (loss of appetite, decline of food intake, digestive problems, chewing or swallowing difficulties), weight loss in the past three months, current mobility impairment, an acute illness or major stress in the past three months, a neuropsychological problem (dementia or depression) and a decrease in body mass index (BMI). If indicated after Step 1 (MNA-SF), the risk of malnutrition should be assessed using the full MNA. The MNA evaluates living arrangements, the presence of polypharmacy or pressure ulcers, the number of full meals eaten daily, the amount and frequency of specific foods and fluids, and the mode of feeding. The patient reports nutritional and health status, and the practitioner determines weight and height (to calculate BMI), and mid-arm and mid-calf circumferences.
As stated earlier, nutritional status using the MNA should be evaluated using a two-step process. The first step, the MNA-SF, takes only few minutes to complete. The maximum score for this part is 14; a score of 12 points or greater indicate that the patient has an acceptable nutritional status and that it is not necessary to complete the full MNA. However, a score of 11 points or below is an indication to proceed with the complete version of the MNA. The full MNA can be performed in 10 to 15 minutes. The maximum score for the second part is 16. Scores from the two parts must be added to obtain the malnutrition indicator score. Each answer in the two parts has a numerical value and contributes to the final score, which has a maximum of 30. Assessment of the cognitive status of the patient should be obtained by the caregiver, or by the medical or nursing staff. If a cognitive decline is present, answers should be checked by proxies (caregiver, or medical or nursing staff). If the patient suffers from severe cognitive decline, the caregiver or nursing staff can complete the MNA instead. In fact, the physician, dietician, or nurse in charge of an institutionalized patient can easily complete the MNA with a minimal risk of bias.
The MNA-SF: a nutritional screening tool
Given the adverse consequences of potential risk of malnutrition or malnutrition, it is clinically important to detect patients with this condition as early as possible. In hospitalized older patients, low MNA scores predict adverse outcomes. 16 Thus, earlier identification of hospitalized patients at risk of malnutrition using the MNA-SF could facilitate timely initiation of nutritional support. Moreover, MNA-SF can be used as a first step for screening preoperative patients, 17 and can be used as an efficient screening tool for community-dwelling older people undergoing CGA.
The MNA-SF maximum score is 14. When the score of the MNA-SF is greater than 12, the patient has a satisfactory nutritional status. At this stage, it is important to give nutritional advice even if no signs of malnutrition are present, to follow the patient's weight regularly at routine visits (usually every month) and to complete the MNA-SF at regular intervals (each three or six months), independently of the setting. Nutritional assessment and eventual intervention should be proposed if weight loss is documented. If the score is less than 12, the second part of the MNA should be completed to establish the presence of malnutrition and obtain the malnutrition indicator score to be used for proposing and afterwards guiding nutritional interventions.
The MNA: a diagnostic tool
The MNA is a reliable nutritional assessment tool in older people with clearly defined thresholds (see Figure 2 ): 1) A score of 23.5 or higher classifies an individual as well-nourished. As mentioned above, and similarly, when a score greater of 12 in the MNA-SF is found, no specific followup is needed except to measure the person's weight regularly at routine visits, complete the MNA at regular intervals and provide general nutritional counselling. Detailed nutritional evaluation and, if needed, nutritional intervention should be given if significant weight loss is documented or if the MNA score decreases during follow-up. In all cases, nutritional advice should be based upon the basic rules of a balanced diet (recalling the recommended intake frequencies of daily fruits and vegetables, starchy foods, dairy products, meats, fish, products of the sea and eggs, with the recommendation of not over-using fat contents and sweetened products), to perform regular daily physical activity and maintain good hydration.
2) Scores between 17 and 23.5 indicate that an individual is at risk of malnutrition. Nutritional intervention is always indicated for an MNA <23.5 and should start as soon as possible before the associated disorders (like functional impairment) become irreversible. Based upon CGA, cognitive, functional, nutritional and social status of the patient at risk of malnutrition should be obtained. A detailed nutritional evaluation should include the analysis of a three-day food-intake record, revision of the medical history, evaluating previous and current diseases and treatments, checking oral hygiene and the presence of swallowing impairment. A specific nutritional intervention program should be implemented, based on the impairments found after assessment by CGA and the MNA (items presenting loss of points). The key benefit of the MNA is that it has the capacity to detect older people at risk of malnutrition even before severe changes in weight or in albumin levels occur. 18, 19 The use of oral supplementation (OS) should be evaluated and could be implemented when the risk of malnutrition is present. Concentrated formulas increasing total intake of calories, proteins or micronutrients, can be used to improve nutritional status. Nutritional counselling, as in the previous stage, should always be provided.
3) Scores of less than 17 usually indicate that individuals have a protein-caloric malnutrition. At this stage, it is important to quantify the severity of the malnutrition by measuring biochemical parameters (such as plasma level albumin or transthyretin), evaluating a threeday record of food intake and measuring anthropometric features (such as weight, midarm and calf-circumference and skinfolds). Nutritional intervention is clearly indicated and should be based on achievable objectives established after a detailed CGA. No nutritional intervention should be started without setting specific and reasonable goals in advance. It will be necessary to use the oral route as long as possible by improving the total intake of calories and prescribing OS with proteins and micronutrients when needed.
The MNA: guiding nutritional intervention
The MNA is not only a tool for detecting malnutrition but it also guides nutritional interventions.
Interventional studies with increased food choices or with nutritional supplements demonstrate that timely intervention stops weight loss in older people who are at risk of malnutrition or undernourished. Identifying the major contributing causes of malnutrition and critically reviewing diet should allow for targeted corrective measures. It is necessary to look carefully at where the patient loses points on the MNA, and propose guided interventions in order to correct them. Additionally, the proposed intervention also depends on the setting of the patient. In communitydwelling older people, if the person only takes two meals daily or fewer prepared complete meals, simple corrective measures can be taken, such as providing a nutrition programme, helping with shopping and cooking, providing meals-onwheels, or providing adaptive cooking tools. [20] [21] [22] Nutritional guidance will be given if patients do not consume some foodgroups or if they do not drink enough water. In hospitalized patients, depending on current disease, those with malnutrition or at risk of malnutrition can benefit from temporary OS during the length of the hospitalization. At discharge, long-term OS needs specific followup and regular reassessment at the outpatient consultation, taking into account the nutritional goals established during hospitalization. In institutionalized patients, nutritional interventions like supplements or buffet dining may be effective. 23 Implementation of a dietary programme consisting of an increased protein and energy content of meals, adapting meals to oral health, additional help during meals, and dietary supplements between meals, may result in improved or stabilized nutritional status and weight gain. 24 In institutionalized older people, environmental changes, for example using tables that allow the supervision of more than one resident at a time, can help increase the input of health-care workers at mealtimes. 25 A favourable atmosphere, familystyle meals and a homelike environment have proved effective, not only for increasing energy intake and decreasing the risk of malnutrition but also for maintaining the quality of life, physical performance and body weight of nursing-home residents, and consequently increasing the MNA score during the nutritional intervention follow-up if it is proven to be effective. [26] [27] [28] If patients present with pressure ulcers or skin breaks, an increased intake of calories, proteins and micronutrients with OS will be needed and nutritional intervention guided by the MNA should be implemented. 29 Impaired cognitive function makes the need for assistance imperative in all activities of everyday life, particularly assistance during mealtimes. In community-dwelling older people suffering from Alzheimer's disease (AD), home-support services, when needed, should be implemented as soon as possible, even starting at the mild stages of the disease, in order to prevent further functional decline and prevent institutionalization. As shown by Riviere et al. home-based programmes of nutritional education for caregivers of AD patients may have positive effects on weight and cognitive function. 30 In institutionalized patients suffering from dementia, behavioural and psychological symptoms, such as exhausting wandering or food and eating behavioural disorders, should be evaluated as possible causes of malnutrition. 31 Nutritional interventions in AD patients have been shown to reduce morbidity and mortality. 32, 33 Polypharmacy identified by MNA might be one of the causes of anorexia and malnutrition. Interventions should be directed to reduce this polypharmacy if possible. If the patient presents with anorexia, it will be necessary to search for any possible somatic cause.
The aim of nutritional intervention is to provide sufficient nutrients to cover daily needs, using OS 33 In a study performed with a cohort of 573 AD-affected older people, an MNA of less than 23.5 was associated with an increased risk of mortality after two years of follow-up, presenting a relative risk of 2.74 (95%CI 1.58-4.75) and an increased risk of institutionalization of 1.92 (95%CI 1.24-2.93). 33 Many studies have shown that OS improves biochemical parameters and anthropometric measures in the majority of malnourished or at risk of malnutrition patients. [34] [35] [36] [37] Additionally, in these studies, older people improved or maintained their MNA scores after nutritional intervention, suggesting that the MNA can be used for evaluation if nutritionalintervention strategies are successful during the follow-up period. Thus, the patient's weight should be assessed monthly and the MNA completed regularly every three months. Moreover, the MNA-guided nutritional intervention has also demonstrated to be cost-effective.
38,39
The MNA in different clinical settings Numerous studies have evaluated the prevalence of malnutrition using the MNA in different clinical settings, showing the excellent acceptability and validity of the tool in all these settings. As shown in Table 1 , Guigoz et al. evaluated the prevalence of malnutrition and risk of malnutrition in different settings with two systematic revisions of the literature. The main finding was a 'settingrelated' prevalence of malnutrition and risk of malnutrition with huge differences in between the settings. 16, 20 The large variability resulted mainly from the difference in levels of dependence and health status among the older people living in retirement homes, nursing homes, or longterm care facilities. In community-dwelling elderly individuals the prevalence of malnutrition (21 evaluated studies, n = 14149) was 2% (range 0-8%) and risk of malnutrition was 24% (range 8-76%); in outpatient and home-care patients (25 evaluated studies, n = 3119) the prevalence of malnutrition was 9% (range 0-30%) and risk of malnutrition 45% (range 8-65%); in hospitalized elderly patients (35 evaluated studies, n = 8596), the prevalence of malnutrition was 23% (range 1-74%) and risk of malnutrition was 46% (range 8-63%); in institutionalized elderly patients (32 evaluated studies, n = 6821) the prevalence of malnutrition was 21% (range 5-71%) and risk of malnutrition was 51% (range 27-70%).
Finally, in cognitively impaired older people (11 evaluated studies, n = 2051), who were screened using the MNA, the prevalence of malnutrition was 15% (range 0-62%), risk of malnutrition was 44% (range 19-87%) and well-nourished was 41% (range 0-80%).
The MNA as part of Comprehensive Geriatric Assessment
CGA was created to detect disabilities and deficiencies in older people in order to prevent further decline by implementing interventions that targeted these deficiencies. It is proven that CGA improves diagnostic accuracy and long-term prognosis for elderly patients. [40] [41] CGA has been used in a variety of settings to detect medical, psychological, social and environmental problems of elderly people to identify unmet needs and to prevent or treat disability by implementing specific interventions. 42 Initially, nutritional assessment was not part of the usual CGA, which included primarily assessment of cognitive functions (mostly by MMSE), assessment of physical performance by evaluating the activities of daily living (ADL), 43 the instrumental activities of daily living (IADL), 44 gait and balance impairments using the Tinetti scale, 45 and mood was normally assessed using the Geriatric Depression Scale (GDS). 46 The complexity of nutritional assessment was one of the major drawbacks for the inclusion of the domain in CGA, even if the presence of malnutrition in the evaluated geriatric population was important. Since its inception, the MNA has helped to include nutritional assessment in current CGA, due to its applicability and wide acceptance. 47, 48 At the present time, nutritional evaluation, generally assessed using the MNA, is an essential part of CGA.
The MNA in clinical research
The MNA has been used in hundred of studies in a wide range of different settings and in many countries. Many literature reviews concerning nutritional assessment tools in elderly people, and in particular the MNA, have been published. Guigoz et al. in 2006 published a systematic review on observational and interventional studies concerning nutritional assessments of over 30 000 elderly persons. 16 It showed that the prevalence of malnutrition and risk of malnutrition was related to the study setting and was modified by the presence of cognitive impairment, but also that the MNA had excellent acceptance in different settings. With the more general use of the MNA as a nutritional assessment tool, specific concerns related to the use of the MNA have been evaluated by many studies. Clinical research involving the MNA has proved to be useful for better understanding of the physiopathology of malnutrition in older people, and much clinical progress has been made. Several studies have demonstrated that the MNA can identify those at risk for malnutrition before biochemical or weight changes appear, and also that timely intervention can stop weight loss in elderly people at risk of malnutrition or already malnourished. 18, 19 Intervention studies have shown associations with improvements in MNA scores. The MNA and MNA-SF were found to be sensitive, specific, and accurate in identifying nutritional risk. 16 Sieber et al. demonstrated that, 15 years after its introduction, the MNA is the gold standard for nutritional assessment in ambulatory communityliving elderly people and those in long-term care facilities. Sieber compared the MNA to the Nutrition Risk Screening (NRS). 49 Vellas et al. highlighted the usefulness of the MNA, as a simple nutritional assessment tool, in clinical practice to measure nutritional status in older people and in nutritional intervention follow-up for evaluating the success of the intervention. 50 Many studies found that the MNA was correlated with clinical nutritional assessment 18, 20, 50 and to objective parameters of nutritional status such as serum albumin, 15 ,51 BMI triceps skinfold, 55 caloric intake and vitamin status. 51 Pepersack et al. used the MNA to establish a biochemical threshold for malnutrition by evaluating prealbumine (transthyretin) in relation to the MNA score. In the same study, evidence was found that malnutrition detected by the MNA appeared before an alteration in the biochemical parameters was present. 56 Hudgens et al. evaluated immunity in older people and found a direct relationship between the MNA score and immunity impairment and also showed that whole blood lymphocyte proliferation was significantly lower in malnourished older people identified by the MNA. 57 Low MNA scores have also shown to predict a greater incidence of adverse clinical outcomes during hospitalization and mortality. 8, 51 The MNA has been used successfully in many interventional studies in patients who are ill or frail. 58, 59 The MNA is not only a tool for detecting malnutrition or risk of malnutrition but it also has been used as guide for nutritional interventions. Finally, many studies have demonstrated that cognitive functions were associated with lower MNA or MNA-SF scores and that in patients suffering from dementia, even in moderate or severe stages, nutritional education was effective. The MNA appeared to be a valid and accepted assessment tool for clinical studies involving demented patients. 33, 60 A recent literature review concerning 42 studies with institutionalized older people, performed by Harris et al., compared different nutritional assessment tools. 61 BMI was the most frequently used parameter for nutritional assessment (22 studies), followed by the MNA, which was used for nutritional assessment in 12 studies. The other assessment tools used were: comparison of the body weight against standard or ideal body weight, weight loss, biochemical parameters (albumin, prealbumin, transferrin and retinol-binding protein), anthropometric values (mid-arm and calf-circumference, skinfold), and the Subjective Global Assessment (SGA) tool. According to the MNA, malnutrition was observed in 2%-38% and a risk of malnutrition in 37%-62%. One of the main issues in clinical research is to evaluate whether a nutritional assessment tool has the capacity to identify malnourished older people as malnourished and normal older people as normal; in other words evaluate the sensitivity and specificity of a tool. A high sensitivity is necessary for screening tests (MNA-SF) and a high specificity is necessary in order to confirm the diagnosis. Table 2 gives a summary of the sensitivity and specificity obtained using the MNA and the MNA-SF. 15, 17, [62] [63] [64] [65] [66] [67] [68] [69] [70] Tables 3 and 4 summarize recent publications of studies performed in community and clinical settings and in older persons with specific disease. (Table 3: 62-90; Table 4 : 91-102) The studies using the MNA provided comparative and comprehensive data on the prevalence of malnutrition and risk of malnutrition in clinical settings, including hospitals and nursing homes, and in community settings around the world, and show a very similar trend. The observational studies show the high prevalence of malnutrition and risk of malnutrition in elderly persons especially in hospitalized and institutionalized patients.
New challenges for the MNA
MNA offers opportunities in clinical research. As demonstrated in more than 200 publications, the MNA is a very useful tool for clinical research. The International Association of Gerontology/International Academy of Nutrition and Aging (IAGG-IANA) Task Force on Minimum Data Set recommended the MNA for nutritional studies in elderly patients. 103 A recent consensus concerning research in older people has proposed a tool to harmonize future clinical trials in the field of geriatric medicine. This tool, named the GMDS-25, has been created in order to become a reference minimum data set to be included in all clinical studies involving older subjects. It consists of different parameters of assessment: general parameters, cardiovascular risk factors, functional status, cognitive and psychological status, nutritional status, biological parameters and social status. The nutritional assessment is based on the MNA-SF followed by MNA if at risk, BMI, and weight loss (4% in one year or 5 kg in six months). 104 One of the future challenges is to integrate the MNA in research protocols not only as a nutritional assessment tool. The MNA as an inclusion or exclusion criterion could be useful for the homogenization of samples or useful as an outcome criterion in order to permit meta-analyses.
Another challenge is to evaluate other types of disorders or syndromes using the MNA. It has been proposed that the MNA could eventually measure AD severity, frailty or the indication for tubefeeding by changes the thresholds and the study populations to which it is directed. Future research will need to demonstrate all these hypothesis.
Conclusion
The MNA provides a number of unique opportunities useful for practice. It is important to sensitize health professionals to the problem of malnutrition in older people, especially the frail and ill. Up to date, the MNA is the most validated and accepted screening tool for geriatric patients, no matter the setting, with clearly defined thresholds. It is the most efficient, simple and appropriate nutritional assessment tool for older people: BMI cannot differentiate thin with good nutritional status or obese with malnutrition; albumin plasma-level is not useful in the presence of dehydration or an inflammation; previous weight (which is often difficult to determine) is not necessary; the MNA can detect malnutrition or risk of malnutrition before severe weight or albumin loss is present; the MNA allows nutritional intervention and followup; it can be completed easily by a physician, a dietician, a nurse or generalist assessor in few minutes; and it is acceptable to patients. The MNA not only detects malnutrition but also favours early nutritional intervention in order to improve nutritional parameters and especially improve quality of life.
